Deformities of the lateral margins of the contrast material-filled lumbar thecal sac are common findings at myelography in patients with low back pain , but not all such deformities are due to herniated disks. Differentiation at Amipaque myelography between a diffusely bulging disk (unlikely to cause nerve root compression) and a herniated disk (which typically causes nerve root compression) is based on the curvature and extent of the extradural deformity of the anterolateral margin of the contrastfilled sac and on the presence of fusiform widening of the most distal part of the affected nerve root. The deformity caused by a bulging disk is rounded , usually symmetrical (although occasionally more prominent on one side), and does not extend above or below the disk space ; the nerve root is uniform in caliber and normal in size. The deformity caused by a herniated disk is angular and extends cephalad and / or caudal to the level of the disk space; the affected nerve root is usually widened in its most distal visible part. A consecutive series of 33 patients with clinically suspected lumbar disk herniation and no previous history of back surgery underwent laminectomy . Using the criteria listed above for differentiation of bulging from herniated disk on Amipaque myelography , the myelographic diagnosis was correct in all si x operatively confirmed bulging disks and in 26 (96% ) of 27 operatively verified disk herniations .
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In 193 4 , Mi xter and Barr [1] first d esc rib ed th e c lini cal p ic ture and anatomi c findings of hern iation of a lumbar intervertebral di sk ca using nerve root co mp ression with resultant low back pain , sc iati ca, and w eakn ess o f the affected lower extremity . Onl y 2 years later , in ano th er c lassical paper, Hampton and Rob inso n [2] desc ribed th e myelographi c c rite ri a for recognizing th is lesio n usin g an oil y c ontrast medium .
Defo rmiti es of th e late ral margin s of th e contrast-fill ed lumbar theca l sac are a c ommon finding at mye lography in pati ents w ith low back pain , b ut no t all such d eformiti es are du e to herni ated di sks [3 -5] . Perhaps the most d iffi c ult task for the mye lographer is to differe nti ate th e extradu ra l deformity p rod uced by a bulging di sk (unl ikely to ca use nerve root co mpress ion) fro m th at produced by a herni ated disk (whi c h ty pi call y causes nerve root co mpress ion) , Amip aque (m etrizamid e, W inthrop) , a no ni o ni c water-solu b le contrast mediu m for myelograph y, reli ably p rovides d elin eati on of th e lu mbar ne rve roo ts both within th e th ecal sac and in the root sheaths [6, 7) . Mye log rap hy w ith Amipaq ue can directl y d emo nstrate di stal w id enin g of a nerve root compressed by a he rni ated di sk , thu s pe rmittin g more acc urat e di ffere ntiati on of d isk hern iation from d isk bul g ing .
Materials and Methods
A co nsec utive series o f 33 patients with c linica ll y suspec ted lum bar interve rt ebral disk herni ati on and no previous hi story of back surgery und erwent laminec tomy . Am ipaque lum bar myelog raphy had been perform ed on all 33 sho rt ly before lamin ec tomy . Th e co ncentrati on of contrast mediu m introduce d into the lumbar subarachnoid space varied AJNR :3 , January / February 198 2 from 170 to 250 mg Il ml , bu t in most c ases it was 190-200 mg II ml. Volumes of contrast medium were 1 2-1 5 ml. In each case, th e entire proc edu re was performed under fluoroscopic co ntro l w ith appropriate flu oroscopic "spot " film s obtained in anteroposterior and obli que projec ti ons together wi th hori zon tal beam lateral radiograph s.
Myelograms were analyzed jOintly by three of th e authors (S. A. K., R. G. S. , and D. E. W .) who kn ew th at th e patients had undergone laminec tomy but were unaware of th e operative finding s. Particular attention was d irected at th e level and side of interest to the presence or absence of : (1) an extrad ural deformity of th e an terolateral marg in of the co ntrast fill ed th ecal sac, (2) nonopac ificati on (c utoff) of th e root sheath, and (3) widening of th e nerve root immediately prox im al to th e site of sac deformity. (In two patients in whom no sac deformity was ev ident, nerve root size and con figurat ion were assessed at the most distal point of nerve root visualization .) A lesion was c lassified as a bulging disk at myelography if the film stud y demonstrated an ex tradural sac deformity th at was Fig . 1 .-Diffusely bu lging disk . A, anteroposterior view from Am ipaq ue myelog ram . Bilateral, symmet ri cal, rounded indentations into thecal sac at L4-L5 level of disk space give sac an " hourglass" configurat ion. L5 root sheath s are cut off bi laterally . B , Lateral displacement and c rowd in g of nerv e roo ts to both sides caused by centrally bu lging di sk; c rowdi ng of these nerve roots accounts for fi lling defect on each side of sac. C , Left posterior obliqu e vi ew . Defect is not accentu ated . Promin ent left L5 roo t shadow is of uniform width over entire height of body of L4 (un crossed arrows ); it shows no di stal widening . Left S 1 root shadow is also promin ent but uniform over a long distance extending ca udall y into root sheath ( crossed arrows ), Unifo rm cali ber of th ese shad ows indicates they are due to overl appin g of dorsa l and ventra l roots. Operative exploration at L4 -5 on left demonstrated L5 roots to be freely mobile and not compressed . Underlyin g disk ex hibited moderate diffuse bulg in g with no focal protrusion . rounded (symmetrica l upper and lower margin s) and did not exte nd ceph alad or ca udad to th e level of the interve rtebral disk space. Such deformities were most freq uentl y b il ateral and fairl y symmetrica l (fig s. 1 and 2) , although in two in stances th e deformity on one sid e was mu c h more prominent (fi g . 3) . Th e deformity of th e sac was usually not accentuated and was often ac tu all y less impressive on th e obli que views. An essential c riteri on of bulg in g disk was also th e demonstration of normal uniform (non widened) ca li ber of th e most distal visible part of th e nerve roo\.
A lesion was c lassifi ed as a herniated disk at mye log raphy if th e film demonstrated either: (1) an ex tradu ral deformity o f the anterolateral marg in of th e sac th at was angular and ex tended cep halad and / or caud ad to the level of th e d isk space ( fig . 4) , (2) In most cases, th ese findin gs were best demonstrated on views obtain ed w ith th e patient rotated 15°-30° into the posterior oblique projection on th e sid e of th e herni ation; th e obli que view displays th e profile of th e anterolateral marg in of the sac and thu s accentu ates th e deformity produced by a posterolateral disk herni ation.
Th e operative record s of all 33 pati ents we re ca refull y reviewed to ascertain th e co ndition of th e affected nerve root and its relati on to th e adjacent posterolateral di sk marg in . A lesion was c lassified as herni ated disk at surgery onl y if th e surgeon had c learl y reco rded that th e nerve root w ithin its root sheath was displac ed , stretc hed , co mpressed, and immobilized by a localized protrusion of d isk material. In instances w here th e surgeon noted th at th e nerve root in it s root sheath was freely mobil e w ithin th e co nfines of th e op erative ex posure and was not im pin ged upon by th e ad jacent disk , th e case was c lassified surg ically as a bu lging di sk .
Results
Of the 33 patients in thi s series , 27 were found at surg ery to meet the criteria listed above for operative di agnosi s of postero lateral herniated disk at one of the two lower lumbar levels . In si x pati e nts , no herni ation was found , onl y a diffusely bul ging di sk with free ly mobil e nerv e ro ot of norm al caliber at the ex plored level.
All of the si x pati ents in thi s se ri es with o peratively prove n bu lging disk were correctly diagnosed on preoperati ve Amipaque myelography . None of th ese six myelograms demonstrated eith er angular sac deformity or di stal nerve root widenin g (table 1 ). In all six cases, th e deformity of th e AJ NR :3, January / Feb ru ary 1982 sac margins was gently round ed , was restri cted to th e leve l of the disk space, and was less prominent in the posterior oblique projecti o n th an on antero poste rior views. In four of th e six pati ents, the rounded sac defects were bi lateral and fa irly sy mmetri cal (fig s. 1 an d 2) ; in th e o th er two cases, th e round ed sac defect was predominantly unil ateral ( fig . 3 ).
The specificity (likelihood of a negati ve myelographi c d iagnosis in patients without herni ated disk) in this small seri es was 100% (six / six) (table 2) .
Of th e 27 patients with operative ly co nfirmed disk hern iation , 24 (89% ) demonstrated an angul ar deformity of th e anterolateral margin of th e co ntrast-fill ed th ecal sac extend- ing cephalad and / or ca ud ad to the interve rteb ral disk leve l o n preoperative Amipaqu e mye lography , inc lu d ing 11 (92 % ) of 1 2 cases at the L4-L5 leve l and 13 (87 % ) of 15 cases at L5 -S 1 (tab le 1).
Of th e 27 pati ents with operatively verified disk herniation, 24 (89 % ) demonstrated d istal w idening of the affected nerve root at preoperative Amip aq ue myelography , including nin e (75 % ) of 12 cases at the L4-L5 level and 15 (100 % ) of 15 at L 5 -S 1 (table 1) .
At th e L4-L5 leve l, the myelographic di ag nos is o f disk herni ation was based onl y on the prese nce o f an appropriately situated angular sac deform ity in two patients in whom the most distal visibl e part of the affected L5 root did not appear widened (fi g. 4). At the L5-S 1 leve l, th e myelo-AJNR:3, January / February 1982 graphi c di agnosis of disk herni ati on was based only on the visualization of distal widening of th e affected S1 nerve root in two pati ents in whom no angular sac deformity could be demonstrated ( fig . 5) .
In one pati ent with operatively proven L4-L5 disk herni ati on, neith er an angul ar sac deformity nor distal root widenin g co uld be demon strated at myelography; this myelogram was interpreted as bulging disk and represents the only fa lse-negative myelog raphi c di ag nos is in thi s seri es . Thus , th e sensitivity (likelihood of a positive myelographi c di agnosis in pati ents with herni ated di sk) in thi s seri es was 26 (96 %) of 27 (tabl e 2) .
Failure of opacification (cutoff) of the affected root sheath was noted at myelography in 26 (96 %) of 27 operatively c onfirmed disk herniations and in five (93 %) of six operatively confirmed bulging disks (table 1). Root sheath cutoff was therefore not of diagnostic aid in differentiating herniated disk from bulging disk.
Discussion
The accuracy of Pantopaque myelography for the diagnosis of herniated lumbar intervertebral disk is reported as 85% -90 % at the L4-L5 level and 75 % -80% at L5-S1 [8- 11]. False-negative diagnoses are a particular problem at the L5-S1 level where the thecal sac is narrower and the canal is wider in transverse dimension than at L4-L5 or higher lumbar levels. There is more extradural soft tissue anterior and lateral to the sac at L5-S 1 into which a disk can herniate and yet not impinge on the contrast-filled sac. Th is is particularly true if the herniation occurs far laterally near the intervertebral foramen [12 , 13] .
False-positive diagnoses can also be a problem. Many patients with sciatica do not have a herniated lumbar intervertebral disk [14] , although their myelograms may demonstrate one or more extradural deformities of the lateral margins of the contrast-filled thecal sac at the lower lumbar disk levels. Diffuse bulging of the lower lumbar intervertebral disks is a common' finding at myelography in individuals beyond the fourth decade of life [15] . The posterior margin of a diffusely bulging disk is convex [16] (fig. 9) , and this convex bulge may indent the anterior margin of the thecal sac. If the degree of bulging is sufficiently great, the nerve roots within the sac will be displaced from the midline into th e less c apacious lateral recesses ( fig. 2) , resulting in bilateral rounded and fairly symmetrical deformities of the lateral margins of the contrast-filled sac [4, 15] .
Occ asionally, a disk will bulge more prominently on one side ( fig . 9 ) and, if sufficiently prominent, will cause a deeper indentation into the contrast column on that side, raising the possibility that the defect is due to herniation rather than bulging ( fig. 3) . However, bulging disks rarely elevate the adjacent dura to such an extent as to place it under tension, and so the deformity is not angular and does not extend beyond the level of the disk space (findings typical of herniated disk).
Myelography with Amipaque permitted direct visualization of the compressed nerve root in all but three of 27 patients with operatively proven lumbar disk herniation (table 1) . This finding was especially valuable in two patients in this series with L5-S1 disk herniations in whom there was no deformity of the contrast-filled sac; the diagnosis was based entirely on the demonstration of distal widening of the S1 nerve root on the affected side ( fig . 5 ). Furthermore , there was no evident distal nerve root widening at myelography in the six operatively verified cases of bulging disk in this series. The lack of widening of the nerve root thus adds an additional criterion to the myelographic differentiation of bulging from herniation (table 3) .
The relatively high radiographic density and viscosity of Pantopaque (iophendylate, Lafayette) usually precludes reliable and accurate visualization of the nerve roots in the lumbar thecal sac and root sheaths. However, Shapiro [17] noted the presence on Pantopaque myelograms of " nerve root edema " caused bylumbar disk herniation. Although we have occasionally observed apparent widening of the affected nerve root on Pantopaque myelograms in patients with lumbar disk herniation , we have rarely been able to be certain that this finding actually represented the compressed nerve root ( fig . 10) . Reports in the Scandinavian literature of the accuracy of myelography with water-solubl e contrast agents for the diagnosis of herniated lumbar intervertebral disk have made occasional mention of the finding of a widened nerve root in association with herniated disk but have neither emphasized this finding nor indicated the frequency of its occurrence [18] [19] [20] .
One diagnostic pitfall of Amipaque lumbar myelography worthy of special note is the situation of overlapping nerve roots within the cauda equina that may simulate one uniformly wide root . This should not be mistaken fo r a compressed nerve root secondary to disk herni ati on; overlapping roots produce a relatively long segment of more or less uniformly increased width ( figs. 1 and 3) , whil e tru e nerve root widening secondary to disk herniation involves only a relatively short and extremely distal part of the root and is not uniform in caliber but rather appears either fusiform or scallionlike (figs. [5] [6] [7] [8] .
The overall diagnostic accuracy of Amipaque myelography in this series of 33 operatively confirmed cases was 32 (97 %) of 33. Factors that contributed to this relatively hi gh level of accuracy were: (1) the ability to demonstrate fusiform widening of the most distal visible part of th e affected nerve root in cases of disk herni ation , even when no angular sac deformity was evid ent, and (2) the insisten ce on acc urate description of surgi cal finding s with an operative diagnosis of disk hern iation being establi shed on ly when th e su rgeon described the nerve root as being fi xed in position and compressed by protruding disk material.
Most diffusely bulging disks are not associated with nerv e root wid ening (compress ion) . In a small part of the population , however, myelography demonstrates severe hourglasslike constri ctions of th e sac at seve ral lumbar disk levels with partial block to the flow of contrast medium at multipl e levels and widening of one or more nerve roots ( fig.  11 ). Careful inspection of oblique and lateral views in such cases reveals that the segmental constrictions of the sac are due not only to diffuse bulging of the intervertebral di sks but also to narrowing of the spinal canal with imping ement on the posterior and lateral aspects of th e sac by prominent laminae, hypertrophi ed artic ul ar processes , and thi ckened lig amenta fl ava and capsu lar ligaments. Suc h cases are exampl es of " sp inal stenosis ," in which the nerve root
